


DISCLAIMER

This document was prepared as an account of work sponsored by an agency of
the United States Government.  Neither the United States Government nor the
University of California nor any of their employees, makes any warranty, express
or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise, does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States
Government or the University of California.  The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States
Government or the University of California, and shall not be used for advertising
or product endorsement purposes.



SINGLE AND MULTIPLE IMPACT IGNITION OF NEW AND AGED 
HIGH EXPLOSIVES IN THE STEVEN IMPACT TEST 

S. K. Chidester, C. M. Tarver, A. H. DePiero and R. G. Garza 

Threshold impact velocities for ignition of exothermic reaction were determined for several new awi agal 
HMXbased solid high explosives using three types of projectiles in the Steven Test. Multiple impxt 
threshold velocities were found to he approximately 10% lower in damaged charges that did not react in one or 
more prior impacts. Pwicctilcs with prohwions that concentrate the friction work in a small volume 01 
explosive reduced the threshold velocities by approximately %I%,. Flat projectiles required nearly twice as 
high v&cities for ignition as rounded projectiles. Blast overpressare gauges were used for both pristine ani 
damaged charges to quantitatively measure reaction violence. Reactive flow calculations of single ard 
multiple impacts with various projectiles suggest that the ignition rates double in damaged charges. 

INTRODUCTION 

With safety issues playing a dominate role in 
present-day energetic materials technology, conccm is 
increasing about the rclativc safety of solid high 
explosives exposed to various impact scenarios 
during handling, shipping, and storage throughout 
their liltitimcs. The Steven Test (l-4) was developed 
to determine relative impact sensitivity in a 
reptcducihle manner that can be nuxleled using 
reactive tlow hydrodynamic computer codes. The 
resulting reactive flow models can then be used to 
predict the impact sensitivity of explosive charges in 
scenarios that are too expensive, too time 
prohihitivc, or impossihlc to test directly. 

EXPEKIMENTAL 

The cxpctiental geometry of the Steven impact 
test target and three projectiles are shown in Fig. 1. 
The three projectiles .ax steel cylinders with impact 
sufxes of different sphelical radii: 30.05, 6.35, and 
203.2 mm, respectfully. Projectiles #2 and #3 (1.6 
kg) weigh more than Projectile #I (1.2 kg) to test a 
pr@xtile mass intcmxdiate between Projectile # 1 
and the 2 kg mass used by Idaret a].(5) One of these 
three prqjectiles is acceletwd hy a gas gun into 1 IO 
mm diamcte by 12.85 mm thick explosive charges 

confined by 3.175 mm thick steel plates on the 
impact face. and 19.05 mm thick steel plates on the 
rear surfice. The explosive charge is press fit into a 
Teflun retaining ring, thus eliminating air gaps and 
insuring full confinement. Testing results from Six 
HMX-hased explosives, the five discussed previously 
(3) and EDC37 (91 wt% HMX, 8 wt% K-10, and 
I wt% Nitrocellulose), ax presented in this paper. 

FIGURE? 1. Geometry of the target and 3 proj?jccliles 
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impact scenarios, a great deal of experimental anl 
theoretical work must be done on the fimdamcntal 
physical and chemical processes which determine the 
ignition rates of that fust small amount of explosive 
thal starts the cxolhcrmic process. The various 
pmtulatcd processes that may heat the explosive to 
thermal decomposition, such as friction, shear, void 
collapse, etc., have to be isolated and quantitatively 
measured in well diagnosed experiments. Tbcn it 
must be determined experimentally and theoretically 
which process (or processes) is responsible for 
ignition under each set of conditions pmduced by 
various impact scenarios. Only then cdn reliahlc 
predictions of the impact safety and useful lifetimes 
of high explosives be made. 

Figure 2. Reacliun curves and test data for LX-04 ACKNOWLEDGMENTS 
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The changes in high explosive safety caused hy 
chemical aging, physical aging, or mechanical 
damage must be quantified Testing and analysis that 
is presented here and by others (5-7) n&q to be 
continued to build the required testing data base an3 
develop predictive tools. For example, Steven 
impact testing of v-heated and pwcooled high 
cxplosivc targets and Lilrgets pressed to various initial 
densities is planned todetennine the effects of initial 
temperature and initial porosity on the threshold for 
and violcncc of cxplosivc reactions. Analysis of the 
testing helps to determine the reaction mechanisms 
and provides tools to accurately predict the response 
of an accident scenario. Since not all possible 
accident scenarios can be tested, reliable reactive tlow 
models based on data from well-instrumented ti 
reproducible experiments are necessary. Additional 
work is requinxl to rclinc the calculations presented 
in Fig. 2 by further parameter studies and calculating 
other tested geometries such as those published by 
Idar ct al.(S) with the same established coefficients. 
When normalized to experimental data, rcactivc llow 
models such as the phenomenological Ignition anl 
Growth model devebpcd in this paper can p&ict 
changes in impact sensitivity over certain ranges of 
impact geometry and explosive properties. 

However, to develop truly predictive reactive flow 
models that can rcliahly simulate a wide variety of 
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